such as alteration in the target site (penicillin-binding proteins [PBPs] ), efflux pump, decreased expression of porins (outermembrane proteins [OMPs] ) and beta-lactamase production (4) . The production of extended-spectrum beta-lactamases (ESBLs) is the main resistance mechanism among bacteria of the Klebsiella genus. They are able to hydrolyze broad-spectrum betalactams, such as third-and fourth-generation cephalosporins, monobactams, but not cephamycins and carbapenems, such as, for example, temoneira enzyme 3 (TEM-3) and sulphydryl variable 2 (SHV-2). TEM-2 and SHV-1 are not ESBLs, because they hydrolyze just penicillins and first-and second-generation cephalosporins (5, 6) .
The prevalence of ESBL in Klebsiella pneumoniae is increasing worldwide (7) (8) (9) . Global data show that the frequency of ESBL-producing K. pneumoniae was 44% in South America, 33% in Europe, 22% in Asia and 12% in the United States (10) . Nowadays, the major concerns, however, are the K. pneumoniae carbapenemase (KPC)-producing strains, once these enzymes are responsible for resistance to all available beta-lactam antibiotics (11) .
The frequencies of the genes responsible for the production of ESBL and carbapenemases vary among themselves and among the bacterial species. These variations make each region have its own characteristics (12) . Resistance is acquired by vertical/horizontal transfer of genes such as bla CTX-M , bla KPC and bla NDM , frequently associated with plasmids (13, 14) .
One of the routines included in hospital practice is the screening of patients from several inpatient units (ICU, wards) for colonization and/or infection, by collecting materials such as nasal, oral and rectal swabs at admission and during treatment. This measure is called surveillance culture, and it is aimed at avoiding dissemination of these agents (15) (16) (17) . The screening specimens of primary surveillance that have been recommended by the Centers for Disease Control and Prevention (CDC) and by the European Society of Clinical Microbiology and Infectious Diseases (ESCMID) are stools or the rectal swab (18) .
oBjECtivES
The objective of the present study was to investigate antimicrobial susceptibility profiles and to research the frequencies of genes responsible for responsible for ESBL and carbapenemasesproducing K pneumoniae based on active surveillance cultures at an ICU, besides assessing the genetic diversity of these isolates to verify the presence of cross contamination among patients and possible epidemiological implications.
MatEriaL anD MEthoDS

Study site and population
Samples of rectal material were collected with sterile swabs from 1,474 adult and pediatric inpatients of the ICU of a federal hospital in Rio de Janeiro, from March 2013 to March 2014 for surveillance cultures. 
Sample processing
The swabs were streaked on CHROMagar ESBL (Paris, France); the plates, incubated at 36ºC ± 1ºC for 24/48 hours. Bacterial isolates that presented metallic blue or pink colonies, suggestive of ESBL-producing enterobacteria, were selected and streaked on MacConkey agar.
Phenotypic identification/antimicrobial susceptibility profile (antibiogram)
Identification and antimicrobial susceptibility testing (AST) were performed by the VITEK ® 2 system (BioMérieux). The GN Test Kit cards were used for identification, and AST-239 and AST-105 cards, for antibiogram, according to the manufacturer's instructions.
Molecular identification to confirm the K. pneumoniae species
The genomic deoxyribonucleic acid (DNA) was extracted using the DNeasy Blood & Tissue Handbook (QIAGEN ® ), according to instructions by the manufacturer. The identity of K. pneumoniae isolates was confirmed by means of amplification of 16S-23S intergenic region of the ribosomal ribonucleic acid (rRNA) genes (19) . Amplification conditions were: an initial denaturation cycle at 95ºC for 5 minutes, followed by 30 cycles of 95ºC for 1 minute, annealing temperature of 56ºC and 72ºC for 2 minutes, and a final extension cycle at 72º for 10 minutes. The fragments were analyzed by gel electrophoresis of 1.5% agarose in buffer Tris borate ethylenediaminetetraacetic acid (EDTA)-0.5× for 1 hour, at 60 V with ethidium bromide (3 mg/ml). The gel was analyzed using the ImageQuant 300 Imager (GE).
Detection of resistance genes
The following resistance genes were investigated: bla KPC , bla , bla TEM , bla SHV , bla CTX-M15 , bla OXA-1 and bla NDM , frequently detected in enterobacteria, and also genes bla VIM and bla IMP , which despite being rarely found in enterobacteria, are reported to occur in K. pneumoniae (20, 21) . 
Sequencing and identity analysis
PCR products were purified using the QIAquick ® PCR Purification Kit (QIAGEN), according to the manufacturer, and subjected to sequencing with the Big Dye Terminator Kit by capillary electrophoresis in an ABI 3730 DNA Analyzer (Applied Biosystems, Foster City, CA, USA) (Platform PDTIS/Fiocruz). Chromatograms were converted to FASTA format through software Sequencher 5.0 (Gene Codes Corporation, Ann Arbor, MI). Similarity between nucleotide sequences were determined using the using the Basic Local Alignment Search Tool (BLASTn) (http://www.ncbi.nlm. nih.gov/Blast/), at GenBank (National Center for Biotechnology Information [NCBI]).
Clonal characterization of isolates
Enterobacterial repetitive intergenic consensus PCR (ERIC_ PCR) is a used for typing the isolates using (ERIC-PCR), using primer ERIC-2 (5'-AAGTAAGTGACTGGGGTGAGCG-3') and amplification conditions according to the previously described protocol (28) . Amplification products were analyzed as described before; and the band patterns, with the BioNumerics software version 6.6 (Applied Maths, Kortrijk, Belgium). The dendrogram was built using the Dice index and the unweighted pair-group method using arithmetic averages (UP-GMA) (29) .
rESuLtS
Identification of isolates
Among the 1,474 samples of collected rectal material, 318 were selected that presented color suggestive of ESBL production on CHROMagar. Among these, 75 presented metallic blue color; and 48, pink color. The metallic blue isolates were phenotypically Claudia Flores; Célia Maria C. P. A. Romão; Kayo Bianco; Catia Chaia de Miranda; Angela Breves; Ana Paula S. Souza; Rosana Maria R. Santos; Bianca O. Fonseca; Ivano de Filippis; Maysa M. Clementino 
Antimicrobial susceptibility
The K. pneumoniae isolates presented high percentages of antimicrobial resistance. In relation to carbapenems, resistance was observed to ertapenem, 61% (43/70); to imipenem, 54% (38/70); and to meropenem, 43% (30/70) ( Figure 1 ).
Detection of beta-lactamase genes
The genes bla KPC , bla OXA-1 and bla were found in 56% (39/70), 60% (42/70) and 16% (11/70) of the studied isolates, respectively. The genes bla TEM , bla SHV and bla CTX-M15 were also detected. The genes bla VIM , bla IMP and bla NDM were not found ( Figure 2) ; two isolates did not present the investigated genes.
Seventeen percent (12/70) of the isolates presented just one investigated gene; 22% (15/70), two genes; 17% (12/70), three genes; 19% (13/70), four genes; 20% (14/70), five genes; and 3% (2/70), six investigated resistance genes. In relation to the studied genes, 29 resistance profiles were observed ( Table 2) .
Typing of K. pneumoniae strains
Sixty-eight isolates exhibiting at least one resistance gene were subjected to ERIC-PCR. Genetic polymorphism was verified among the isolates, with 68 genotypes. However, strains with percent identity above 90% (KP15 and KP29; KP12 and KP46; KP31 and KP28; KP27 and KP45) were found ( Figure 3) . 
Detection of antimicrobial resistance genes in beta-lactamase-and carbapenemase-producing Klebsiella pneumoniae by patient surveillance cultures at an intensive care unit in Rio de Janeiro, Brazil (27) 
pneumoniae isolated by ERIC-PCR. The dendogram was built with the Bionumerics software 6.6 (Applied Maths) based on the Dice similarity coefficient and by means of the UP-GMA
DiSCuSSion
Monitoring ICU patients is very important because, despite comprising a small subgroup of hospitalized individuals (5%-10%), they present average risk for infection 5 to 10 times higher than inpatients of other sectors (30, 31) . In Brazil, the prevalence of isolated ESBL-producing K. pneumoniae is approximately 50%, with potential to cause severe morbidity and mortality (31) .
In the current study, the K. pneumonia isolates presented high resistance percentages to third-and fourth-generation cephalosporins and to carbapenems. The same was verified in a study based on surveillance cultures from ICU inpatients (69 perianal specimens), in which 37% of the K. pneumoniae isolates presented resistance to carbapenems (32) . Elevated indices of resistance were also observed, but in clinical isolates of the Klebsiella-Enterobacter group (58%), in Minas Gerais (33) .
The production of beta-lactamase enzymes in enterobacteria has been detected in several parts of the world, as in Trinidad and Tobago, where clinical isolates of K. pneumoniae presented genes bla TEM (84.3%), bla SHV (34.5%) and bla CTX-M (58.8%); and in Iran, with bla SHV (87.5%), bla TEM (12.4%) and bla CTX-M (24.8%) (34, 35) . These genes were simultaneously found in E. coli (6%) and K. pneumoniae (28.5%) from clinical cultures in Iran (36) . The dissemination of bla KPC genes has been described in several European countries and in the Asian region of the Pacific Ocean (37, 38) . In South America, KPC strains have been reported in several countries, such as Argentina (39) , Colombia (40) and Brazil (41, 42) . The presence of bla KPC in K. pneumoniae in five Brazilian states -Rio de Janeiro, Espírito Santo, Minas Gerais, Goiás and Pernambuco (2006-2009) -, was revealed in studies of the surveillance network on bacterial resistance in hospital infection (43) .
It is worth emphasizing the importance of surveillance cultures in the programs of HAIs control. The comparative analysis between the number of surveillance cultures and clinical cultures demonstrated that the presence of KPC enzyme was more frequently observed in surveillance cultures. Besides, cultures grown at patients' admission and weekly (58%) were superior to those conducted just at admission (15%) (32) .
In Rio de Janeiro, a study at the ICU of Instituto Nacional de Cardiologia demonstrated that the most frequent species in active surveillance were E. coli (21.95%) and K. pneumoniae (34.1%). The presence of beta-lactamases was revealed in 58% of the rectal swab isolates, encoded by genes bla TEM (54%), AmpC (50%), bla SHV (25%) and bla CTX-M1 (29%) (44) . Our results exhibited high percentages of genes bla KPC (56%) and bla OXA-1 (60%), and 16% of bla . The genotypes bla KPC , bla NDM and bla OXA-48 were similarly detected from surveillance cultures, in Canada (45) .
Our data also reveal that 8.6% (6/70) of isolates presented resistance to carbapenems, and absence of genes bla KPC and bla . According to Poulou et al. (2013) (46) , this resistance may probably be associated with other mechanisms, such as loss or alteration of outer-membrane porins. An outbreak caused by a clonal lineage of K. pneumoniae CTX-M-15 was described at an ICU in Greece. This lineage presented resistance to ertapenem, attributed to the interruption of the OmpK35 gene and to the presence of a porin variant, OmpK36 (46) . Genes bla VIM and bla IMP , prevalent in non-glucose-fermenting Gram-negative bacteria, such as Pseudomonas aeruginosa (47) , were not detected in the present study, although IMP-producing members of the Enterobacteriaceae family have been identified, mainly in China, Japan, and Australia; and VIM-producing ones in Italy and Greece (48) . Recently, the coexistence of ESBL-producing K. pneumoniae lineages and other carbapenemases has been described in Colombia (KPC-2/VIM-24) (40) , Italy (KPC-2/VIM-1) (49) , and China (KPC-2/IMP) (21) , among others.
In the present investigation, strains of K. pneumoniae were detected with up to six genes responsible for beta-lactamase production. Similar results were observed in 24 strains of ESBLproducing K. pneumoniae, in Recife, Brazil, where 46% carried three resistance genes. This accumulation of genes may cause limitations to the therapeutical options available for treatment of infections caused by K. pneumoniae and E. coli (50) .
In relation to molecular typing, our results demonstrated low epidemiological relationship among isolates, different antimicrobial susceptibility patterns and resistance gene profiles. A study by Cabral et al. (2012) (50) also revealed great diversity among strains of K. pneumoniae, presenting similarities up to 60% in 18 isolates analyzed. Yet, six strains presented the same band pattern by ERIC-PCR, indicating clonal dissemination in the hospital where the research was conducted (50) .
The high levels of genetic diversity revealed here suggests the absence of cross contamination among ICU inpatients. However, it is necessary to highlight that our study presents some limitations (absence of data on collection periodicity at admission and/or during hospitalization). In spite of the low clonal relationship, the presence of ESBL and KPC-producing K. pneumoniae may represent high potential for dissemination of resistance among patients. It is noteworthy that colonization with potential pathogens is almost always a prerequisite for the development of nosocomial infections (18) . Detection of antimicrobial resistance genes in beta-lactamase-and carbapenemase-producing Klebsiella pneumoniae by patient surveillance cultures at an intensive care unit in Rio de Janeiro, Brazil
ConCLuSion
Although no significant epidemiological relationship was demonstrated, the main contribution of this study was the disclosure of alarming data on the presence of K. pneumoniae, carrying genes responsible for ESBL and carbapenemase production during preventive monitoring, a still limited approach in Brazilian health services. Controls based exclusively in clinical cultures may not detect most patients who harbor resistant organisms. The inclusion of surveillance cultures is a recommended strategy, aimed principally at preventing the dissemination of resistance genes in hospital environments, and, consequently, at reducing morbidity and mortality. The data generated in this study indicate the importance of adopting measures of continuous prevention to control the spread of ESBL-and carbapenemaseproducing microorganisms in hospital settings and in the community. Measures such as active surveillance, rational use of antimicrobials, isolation precautions, hand hygiene, and education for health personnel are fundamental for the success of HAI prevention and control programs. 
